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Data collection 



Bruker SMART 1000 CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2000) 
T min = 0.854, r m „ = 0.871 



19404 measured reflections 
2537 independent reflections 
1487 reflections with / > 2a(I) 
R<„, = 0.172 



Refinement 

R[F 2 > 2a(F 2 )] = 0.099 

wR(F 2 ) = 0.203 

5 = 1.08 

2537 reflections 



172 parameters 

H-atom parameters constrained 
A/w = 0.44 e A~ 3 
Ap mi „ = -0.30 e A~ 3 
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Key indicators: single-crystal X-ray study; T = 298 K; mean ct(C-C) = 0.015 A; 
R factor = 0.099; wR factor = 0.203; data-to-parameter ratio = 14.8. 

In the title dioxidovanadium complex, [V(C 1 3H 1 7N 2 0)0 2 ], the 
V v atom is in a square-based pyramidal coordination: the 
basal plane is defined by the phenolate O, imine N and amine 
N atoms of the tridentate Schiff base ligand, and by one oxide 
O atom. The apical position is occupied by the other oxide O 
atom. In the crystal, molecules are connected by N— H- ■ O 
and N— H- • (0,0) hydrogen bonds, forming a tetramer. 

Related literature 

For related structures and their proporties, see: Agarwal & 
Prasad (2006); Chohan & Sumrra (2010); Huo et al. (2004); 
Jing et al. (2005); Lodyga-Chruscinska et al. (2008); Xie et al. 
(2004); Yuan et al. (2009). 



Table 1 

Selected bond lengths (A). 



Vl-02 
Vl-03 
Vl-Ol 






1.607 (5) 
1.621 (5) 
1.900 (5) 


VI- 
VI- 


N2 
Nl 




2.095 (5) 
2.137 (6) 


Table 2 

Hydrogen-bond geometry (A, °). 


D-H-A 




D — 


H 


H- ■ A 




D-A 


D-H-A 


N2-H2B- 
N2-H2B- 
N2-H2/4- 


■Of 
■03' 
■03" 


0.90 
0.90 
0.90 




2.26 
2.55 
2.07 




3.099 (7) 
3.229 (7) 
2.948 (7) 


155 
133 
166 


Symmetry codes: (i) — y - 


fl* 




;(")y-j 


— X 


H-z+|. 





Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

The author acknowledges the Qingdao Agricultural 
University for financial support. 




Experimental 

Crystal data 

[V(C 13 H 17 N 2 0)0 2 ] 
M, = 300.23 
Tetragonal, I4 l /a 
a = 19.120 (9) A 
c = 15.421 (3) A 
V = 5638 (4) A 3 



Z = 16 

Mo Ka radiation 
jtt = 0.71 mm -1 
T = 298 K 

0.23 x 0.20 x 0.20 mm 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6676). 
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{2-[(2-Aminocyclohexyl)iminomethyl]phenolato}dioxidovanadium(V) 
Xin-Zhi Sun 

Comment 

Oxo vanadium complexes with Schiff bases have been received much attention in bioinorganic chemistry (Chohan & 
Sumrra, 2010; Agarwal & Prasad, 2006; Lodyga-Chruscinska et al, 2008; Yuan et al, 2009). In this paper, the title new 
dioxovanadium(V) complex, (I), is reported. 

In the title dioxo vanadium complex, Fig. 1, the V atom is in a square pyramidal coordination. The basal plane of the 
square pyramid is defined by one phenolate O, one imine N, and one amine N atoms of a Schiff base ligand, and by one 
oxo O atom. The apical position of the square pyramid is occupied by the other oxo O atom. The bond lengths (Table 1) 
are comparable to those observed in similar oxo vanadium complexes (Xie et al, 2004; Jing et al, 2005; Huo et al, 
2004). In the crystal, adjacent molecules are linked through N— H— O and N — H-(0,0) hydrogen bonds (Table 2) to form 
a tetramer (Fig. 2). 

Experimental 

To a MeOH solution (30 ml) of salicylaldehyde (0.122 g, 1.0 mmol) was added a MeOH solution (20 ml) of cyclo- 
hexane-l,2-diamine (0.114 g, 1.0 mmol) with stirring. To the above mixture was added a MeOH solution (10 ml) of 
VO(acac)2 (0.265 g, 1.0 mmol) with stirring. The mixture was refluxed for 1 h, affording a clear yellow solution. This 
was allowed to stand at room temperature for a week and block-shaped single crystals were obtained by slow 
evaporation. 

Refinement 

H atoms attached to C and N atoms were placed in geometrically idealized positions with Csp 1 — H = 0.93 A, Csp 3 — H = 
0.97-0.98 A, N — H = 0.90 A, and constrained to ride on their parent atoms, with (7 iso (H) = 1 2U eq (C and N). Apparent 
disorder was evident in the cyclohexyl ring. 

Computing details 

Data collection: SMART (Bruker, 2000); cell refinement: SAINT (Broker, 2000); data reduction: SAINT (Broker, 2000); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 
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{2-[(2-Aminocyclohexyl)iminomethyl]phenolato}dioxidovanadium(V) 



Crystal data 

[V(C 13 H 17 N 2 0)0 2 ] 
M r = 300.23 
Tetragonal, IAJa 
a = 19.120 (9) A 
c= 15.421 (3) A 
F= 5638 (4) A 3 
Z= 16 

7^(000) = 2496 

Data collection 

Bruker SMART 1000 CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
m scan 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 2000) 
T mm = 0.854, r max = 0.871 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F> > 2o<^)] = 0.099 

wRiF 1 ) = 0.203 

S = 1.08 

2537 reflections 

172 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



D K = 1.415 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 1125 reflections 

6= 2.7-24.5° 

fj, = 0.71 mnT 1 

T=298K 

Block, yellow 

0.23 x 0.20 x 0.20 mm 



19404 measured reflections 
2537 independent reflections 
1487 reflections with I > 2<t(7) 
#int = 0.172 

$max 25.5 , $min 1 . V 



A = -23->23 
*= -23^23 
/ = — 18— »18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/KiV) + (0.0708P) 2 + 16.0234P] 

where P = (F a 2 + 2F, 2 )/3 
(A/(7) max < 0.001 
Ap max = 0.44 e A~ 3 
Apmm = "0.30 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted fl-factor wR and goodness of fit S are based on F 2 , 
conventional fl-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > oiF 2 ) is used 
only for calculating fl-factors(gt) etc. and is not relevant to the choice of reflections for refinement, fl-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



^ ISO 1 ^ eq 



VI 

Nl 

N2 

H2A 

H2B 

01 



0.04762 (6) 
0.1074 (3) 
0.0524 (3) 
0.0122 
0.0872 
0.0854 (3) 



0.08630 (6) 
0.0188(3) 
0.1379 (3) 
0.1616 
0.1695 
0.0299 (3) 



0.66104 (7) 
0.5792 (4) 
0.5413 (3) 
0.5337 
0.5436 
0.7510(3) 



0.0417 (4) 

0.0574(17) 

0.0424(14) 

0.051* 

0.051* 

0.0589 (14) 
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02 


-0.0330 (2) 


A A/TO 1 /1\ 

0.0631 (2) 


0.6543 (3) 


AAC01 

0.0581 (14) 




U3 


U.UjZO (p J 




A 1 jCAO /OA 

0.1602 (2) 


0. / 122 (3) 


A AC A/C ( 1 A \ 

0.05^6 (14) 




CI 


U. 1 14Z ^4 J 




A A"7"7A / A \ 

-0.0770 (4) 


A /"OA1 /C\ 

0.6803 (5) 


A A/1 

0.062 (2) 




C2 


U.UVOZ (4 J 




A f\1HCl t A\ 

— 0.03 /y (4) 


0. /33o [p ) 


A act n\ 

O.Oj / (2) 




C3 


n 0007 

U.UVU / ] 




A ATI! /f\ 

-0.0727 (5) 


A Ol 1 C / £\ 

0.8315 (6) 


0.078 (3) 




H3 


A A7QQ 

U.U /SO 




a A/i nn 
—0.04 / / 


A O O 1 1 

0.8811 


A AA1 * 

0.0^3^ 




C4 


A 1 A99 

u. iuzz ) 




A 1 /111 ( f\ 

-0.1422 (6) 


0.8374 (7) 


A 1 AA f A\ 

0.109 (4) 




H4 


u.uy<54 




A 1 iC A 1 

—0. 1643 


A OAAA 

0.8V0V 


A 1 1A* 

0.130* 




/"< C 

C5 


All QS /^"l 

U. 1 1 y J [O ) 




A 1 OAO /r\ 

-0.1808 (5) 


A H £L A £ iO\ 

0.7646 (8) 


A 1 1 1 f A \ 

0.111 (4) 




1 ir 

H5 


A 1 T71 




—0.228 / 


0. /6yz 


A 1 1 Tl * 

0.133* 




Co 


U. 1Z3 1 ) 




A 1 A O O /C\ 

-0.1488 (5) 


0.6875 (7) 


A A A >1 /O \ 

0.094 (3) 




ho 


n 1 

U.lJOJ 




a WH AO 

—0. 1 /48 


0.6384 


A 1 1 

0. 1 Iz* 




C7 


u. izjo ^4 ) 




A C\ A") C { C\ 

-0.0435 (5) 


A CAO A /C\ 

0.5984 (5) 


A AT) i">\ 

0.073 (3) 




ITT 

H/ 


n 1 /i/i 1 
U. 1441 




a mn 1 
— U.U/01 


U.3540 


A AO"7* 
U.U8 /' 




C8 


A 1 9A1 f<\ 
U.1ZU1 (J) 




0.0398 (6) 


A /I AA1 //""\ 

0.4903 (6) 


A A A A /I \ 

0.094 (3) 




T TO 


n 1 1 07 

U. 1 1 V 1 




-0.0015 


0.4546 


0.112* 




CV 


A A^TC fA\ 
U.Uojj (4 J 




U.U9JO (4) 




A A/;"} ^9A 

U.Uoi (I) 




T TA 

H9 


A A9A9 

U.UZUZ 




0.0670 


A A C O/" 

0.4586 


0.075* 




CIO 


a mi a (i\ 

U.U / /4 ^ / ) 




0.1306 (6) 


0.3813 (6) 


A 1 1 A / A \ 

O.llO (4) 




HI OA 


a A^^n 
u.uoju 




A AAAO 

o.oyy8 


0.3346 


A 1 

0.132* 




T T 1 AD 


A AA7Q 

U.U4 / 5 




A 1 T1 *7 

0.1717 


A ITOO 

0.3788 


a ion* 

0.132* 




Cll 


U. 14J 1 ^oj 




A 1 C AC ZO\ 

0.1505 (8) 


0.3664 (10) 


A 1 /"T /a\ 

0.167 (7) 




T T 1 1 A 

H11A 


A 1 <1A 
U. 1 J J4 




A 1 AAO 

0.1903 


A yl AT O 

0.4032 


A OAAA 

0.200* 




HUB 


0.1465 




0.1661 


0.3067 


A O A A ik 

0.200* 






0.1999 (6) 




U.U7JJ ^ / ) 


A ^89'! /7"l 


nils fzn 




H12A 


0.1972 




0.0579 


0.3373 


0.137* 




H12B 


0.2461 




0.1141 


0.3804 


0.137* 




C13 


0.1873 (5) 




0.0597 (7) 


0.4717 (8) 


0.134 (5) 




H13A 


0.2170 




0.0187 


0.4764 


0.161* 




H13B 


0.2023 




0.0926 


0.5158 


0.161* 




Atomic displacement parameters (A 2 ) 




U n 


U 22 


LP 3 


U n 




IP 


VI 


0.0364 (7) 


0.0422 (8) 


0.0467 (7) 


0.0001 (6) 


0.0060 (6) 


-0.0070 (6) 


Nl 


0.056 (4) 


0.066 (4) 


0.050 (4) 


0.032 (3) 


0.012(3) 


0.003 (3) 


N2 


0.033 (3) 


0.039 (3) 


0.055 (4) 


-0.001 (3) 


0.000 (3) 


0.006 (3) 


01 


0.072 (4) 


0.055 (3) 


0.049 (3) 


0.009 (3) 


-0.008 (3) 


-0.004 (3) 


02 


0.054 (3) 


0.049 (3) 


0.071 (4) 


-0.002 (2) 


0.009 (3) 


-0.005 (3) 


03 


0.082 (4) 


0.047 (3) 


0.050 (3) 


-0.010(3) 


0.008 (3) 


-0.007 (2) 


CI 


0.076 (6) 


0.061 (5) 


0.048 (5) 


0.010 (4) 


0.013 (4) 


-0.001 (4) 


C2 


0.057 (5) 


0.064 (6) 


0.050 (5) 


0.002 (4) 


-0.003 (4) 


0.005 (4) 


C3 


0.105 (7) 


0.073 (6) 


0.055 (6) 


0.018(5) 


0.010(5) 


0.002 (5) 


C4 


0.160(11) 


0.085 (8) 


0.080 (7) 


0.024 (7) 


0.023 (7) 


0.025 (7) 


C5 


0.167(11) 


0.051 (6) 


0.115 (10) 


0.037 (6) 


0.030 (8) 


0.003 (6) 


C6 


0.150(10) 


0.055 (6) 


0.076 (7) 


0.040 (6) 


0.022 (6) 


0.015 (5) 


C7 


0.073 (6) 


0.097 (7) 


0.048 (5) 


0.044 (5) 


0.005 (4) 


-0.012 (5) 


C8 


0.095 (8) 


0.124 (8) 


0.062 (6) 


0.045 (6) 


0.034 (5) 


0.014(6) 


C9 


0.083 (6) 


0.063 (5) 


0.043 (4) 


0.028 (5) 


0.003 (4) 


0.002 (4) 


CIO 


0.161 (12) 


0.115(9) 


0.054 (6) 


0.037 (8) 


0.029 (7) 


0.036 (6) 
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Cll 0.142 (13) 0.200(16) 0.158 (13) -0.015 (12) 0.024 (10) 0.123 (12) 

C12 0.111 (9) 0.135 (10) 0.098(8) -0.012 (8) 0.034(7) 0.026(7) 

C13 0.058 (7) 0.215 (14) 0.129 (10) 0.002 (7) -0.005 (7) 0.079(10) 



Geometric parameters (A, ") 



VI— 02 
VI— 03 
VI— 01 
VI— N2 
VI— Nl 
Nl— C7 
Nl— C8 
N2— C9 
N2— H2A 
N2— H2B 
01— C2 
CI— C6 
CI— C2 
CI— C7 
C2— C3 
C3— C4 
C3— H3 
C4— C5 
C4— H4 
C5— C6 



1.607 (5) 
1.621 (5) 
1.900 (5) 
2.095 (5) 
2.137(6) 
1.267 (9) 
1.448 (10) 
1.447 (8) 
0.9000 
0.9000 
1.314(8) 
1.394 (11) 
1.398 (10) 
1.428 (11) 
1.377 (11) 
1.350 (12) 
0.9300 
1.383 (13) 
0.9300 
1.342(13) 



C5— H5 
C6— H6 
C7— H7 
C8— C13 
C8— C9 
C8— H8 
C9— CIO 
C9— H9 
CIO— Cll 
CIO— H10A 
CIO— H10B 
Cll— C12 
Cll— H11A 
Cll— HUB 
C12— C13 
C12— H12A 
C12— H12B 
C13— H13A 
C13— H13B 



0.9300 

0.9300 

0.9300 

1.370 (12) 

1.536 (11) 

0.9800 

1.517(11) 

0.9800 

1.332 (15) 

0.9700 

0.9700 

1.561 (17) 

0.9700 

0.9700 

1.541 (13) 

0.9700 

0.9700 

0.9700 

0.9700 



02— VI— 03 

02— VI— 01 

03— VI— 01 

02— VI— N2 

03— VI— N2 

01— VI— N2 

02— VI— Nl 

03— VI— Nl 
01— VI— Nl 
N2— VI— Nl 
C7— Nl— C8 
C7— Nl— VI 
C8— Nl— VI 
C9— N2— VI 
C9— N2— H2A 
VI— N2— H2A 
C9— N2— H2B 
VI— N2— H2B 
H2A— N2— H2B 
C2— 01— VI 
C6— CI— C2 
C6— CI— C7 
C2— CI— C7 



109.2 (3) 
104.8 (2) 
96.7 (2) 
96.6 (2) 
90.9 (2) 
153.4(2) 

108.0 (2) 
141.5 (3) 
83.4 (2) 
75.0 (2) 

116.1 (7) 

124.2 (5) 

118.8 (5) 
115.6(4) 
108.4 
108.4 
108.4 
108.4 
107.4 

129.9 (5) 
119.9(8) 
119.5 (8) 
120.5 (7) 



Nl— C7— H7 
CI— C7— H7 
C13— C8— Nl 
CI 3— C8— C9 
Nl— C8— C9 
CI 3— C8— H8 
Nl— C8— H8 
C9— C8— H8 
N2— C9— CIO 
N2— C9— C8 
CIO— C9— C8 
N2— C9— H9 
CIO— C9— H9 
C8— C9— H9 
Cll— CIO— C9 
Cll— CIO— H10A 
C9— CIO— HI OA 
Cll— CIO— H10B 
C9— CIO— HI OB 
HI OA— CIO— HI OB 
CIO— Cll— C12 
CIO— Cll— HI 1 A 
C12— Cll— H11A 



116.7 
116.7 
115.6(9) 

115.2 (9) 
107.0(6) 
106.1 
106.1 
106.1 

116.3 (7) 
107.8 (6) 
113.3 (7) 
106.2 
106.2 
106.2 
116.6(11) 
108.1 
108.1 
108.1 
108.1 
107.3 
115.4(11) 
108.4 
108.4 
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nj 


1 90 1 








1 OS 1 
1 Wo. 1 


C4— C5— H5 


120.1 




C12— C13— H13A 




108.1 


C5— C6— CI 


120.4 (9) 




C8— C13— H13B 




108.1 


C5— C6— H6 


119.8 




C12— C13— H13B 




108.1 


CI— C6— H6 


119.8 




HI 3 A— CI 3— H13B 




107.3 


Nl— C7— CI 


126.6 (7) 










Hydrogen-bond geometry (A, °) 


D—R-A 




D — H 


R-A 


D-A 


D—R-A 


N2— H2S-02 i 




0.90 


2.26 


3.099 (7) 


155 


N2— H2S-03 1 




0.90 


2.55 


3.229 (7) 


133 


N2— H2^-03" 




0.90 


2.07 


2.948 (7) 


166 



Symmetry codes: (i) -y+l/4, x+1/4, -z+5/4; (\\)y-\IA, -rf 1/4, -z+5/4. 
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